DNA loop organization and DNA fragmentation during radiation-induced apoptosis in human lymphocytes.
Apoptotic DNA fragmentation induced by gamma-rays has been compared with the DNA loop sizes in G0-human lymphocytes using pulsed field gel electrophoresis (PFGE). Genomic DNA was cleaved into the DNA loops at the topoisomerase II mediated attachment points using short treatment of cells with etoposide. The apoptotic fragmentation, with a distinct cut-off around 50 kb for a maximum length of fragments, appeared 5 h after irradiation when the most part of radiation-induced DNA double strand breaks (DSBs) have been repaired. The data indicate that apoptotic fragmentation of DNA in the G0-human lymphocytes begins when repair of radiation-induced DSBs has been completed. Similar apoptotic DNA fragmentation was also observed following the treatment of cells with etoposide. All genomic DNA was fragmented into 50-kb fragments during the final stages of apoptosis. Most of the DNA in resting lymphocytes is organized into Mb-size loops but loops of sizes down to 50 kb were also observed. A sharp border between the size distributions of DNA loops and apoptotic fragments was found. The data suggest that 50 kb apoptotic fragmentation is not based on excision of the DNA loops. No apoptotic fragments with the sizes more than 5.7 Mb were seen during the whole course of apoptosis. This observation indicates that despite intensive apoptotic fragmentation into the 50-kb fragments the chromosomes maintain integrity during radiation-induced apoptosis in human lymphocytes. We propose a model for radiation-induced apoptotic fragmentation in human lymphocytes that involves four stages: induction of DNA breaks and relaxation of DNA loops; DNA repair followed by reorganization of the DNA loops into the 50-kb units of condensed chromatin; co-operative fragmentation of the reorganized DNA loops into the distinct 50-kb fragments and resealing of the chromosome ends at the sites of this fragmentation; cleavage of the 50-kb fragments at the internucleosomal spacers.